Although most of the journals professing to cover all sciences concentrate their attention on biology, a few still have a fair number of papers in other sciences. Most of the readers of this column probably don't have time to look at these, but I read them, and especially the ones I don't understand too well, in the hope that their very strangeness might shake up my mind to think of something new.
In particular I am fascinated by astronomy and have been since the time an astrophysicist told me that he had been to a meeting to discuss what had happened in the first 10 -30 seconds of the Universe. Not knowing too much about the field. I told him that I knew the answer: if one had listened carefully, one would have heard: "Oh, damn!" These days one does astronomy to see if light can be thrown on cosmological theories, and the field is replete with amazing objects, such as black holes, invisible matter and naked singularities, the last being a great name for a cabaret group.
I might as well give the dire news at once. It appears that all is not well in astronomy because it seems likely that the Universe is younger than the oldest stars. Shall I repeat that? Some stars are thought to be older than the age of the Universe, an impossibility that tells us that one, or both, of these assertions cannot be true. Readers who are interested should consult the excellent general paper entitled 'The Age of the Universe' in the Proceedings of the National Academy of Sciences 1997, 94:6579-6584. I first encountered this problem in a paper in Scientific American in November 1992 and have felt uneasy ever since. I am amazed that referees and editors allow people to publish papers with such blatant contradictions but, as we shall see, it seems that the weightier the problem in this field, the more lightheartedly cavalier its treatment.
First, I need to sketch some of the technical background. Everything depends on the value of the Hubble constant, which describes the expansion rate of the Universe and is given by the recession rate of a galaxy divided by its distance. The former is measured by the red shift of the spectral lines. The latter can be obtained by measurements of the luminosity of variable stars called Cepheid variables. The trouble is that two values of the Hubble constant have been obtained, one of 50 kilometres per second for every megaparsec, or 5 × 10 -11 per year, whereas the other is twice as much, 100 km/s/Mpc, or 10 -10 per year.
The age of the oldest stars has been determined independently from luminosity measurements of what are believed to be old stars in old clusters. The best fit implies that the age of these clusters is 16 billion years, which gives us a minimum age for the Universe. This is consistent with the lower estimate of the Hubble constant, which puts the age at 15-20 billion years, but not with the higher one, which astronomers prefer and which places the age at about 11 billion years.
Critical people, like ourselves, will want to know quite a bit more about the measurements themselves, such as their reliability; and as there are some heavy theoretical engines behind all of the arguments, we would also want to know more about the underlying models. (But we can't ask whether we would get the same result were the whole experiment repeated.) The initial measurements, it turns out, may have been flawed, as the telescopes were earthbound and affected by the Earth's atmosphere, and the detectors were not very good. Even with better detectors and the Hubble space telescope, the Hubble constant, at 80±17 km/s/Mpc, is still rather high.
It is when we come to the theory that we find there is room for all sorts of fixes. Determining the age of the Universe (t o ) from the Hubble constant (H o ) depends on making assumptions about the composition of the Universe. It was predicted that H o t o = 2 / 3 , on the assumption that the Universe is composed of 'normal' matter and that it is flat. But for the measured Hubble constant and the age of the oldest stars, H o t o = 1.28, about twice the expected value. It is possible that this discrepancy is the signature of 'missing physics' in the big bang theory. Einstein proposed adding a cosmological constant to fix the mathematics of the theory of general relativity. He thought the Universe was static, so the term was added to stop it expanding. When Hubble showed that the Universe was expanding, Einstein abandoned the cosmological constant. Now many cosmologists want to put it back. It is associated today with the energy density of the vacuum and it would require some new physics to make it interesting. For example, a mere 10 -120 correction to quantum gravity would do the trick, something that appears to me should not be beyond the reach of a clever theoretician. Or, one could question whether the Universe is flat. Apparently, there is no evidence for its flatness, only theoretical prejudice. Or again, there could be missing matter in a new form.
After reading all of the fine print, I came away relieved. It was not so bad after all. The theoreticians could always fix things for us, probably because they had fixed things the wrong way the first time. I also came away with hope, because many of the issues can be settled by observation and by making more and better measurements. That, after all, is what Galileo taught us.
